Solution) mainly focused on the application areas and paid scant attention to the framework development of AHP, TOPSIS and their hybrid methods. The purpose of this paper is to review the literature on analytic hierarchy process (AHP), type of scale used in AHP, modified AHP, rank reversal problem of AHP, validation of AHP, application of AHP, TOPSIS, normalization methods for TOPSIS, distance functions for TOPSIS, fuzzy hierarchical TOPSIS, rank reversal problem of TOPSIS and various applications of TOPSIS to prepare a readymade reference for academician, research scholar and industry people. In this regard, research works are gathered from 1980 to 2013 (searched via ScienceDirect, IEEE etc) and out of which 61 research papers are critically assayed to depict the development of AHP, TOPSIS and their hybrid methods. Meaningful information and critical remarks are summarized in various tabular formats and charts to give readers easy information. Decisions do not occur in isolation-the outcome of decision is always influenced by surrounding stimuli. Judicious judgment is the corner stone of everybody's success. Every human being takes decision which is a collection of cognitive processes involving perception, interpretation, imagination, reasoning and language (Saaty and Shih, 2009) . Every rationale thinks to manipulate information which he/she received from surroundings to form concept, state reason, solve problem and make decision. Decision can be taken based on human intuition, past experience and on explicit and detailed reasoning. In general, decision making problem consists of following steps:
Decisions do not occur in isolation-the outcome of decision is always influenced by surrounding stimuli. Judicious judgment is the corner stone of everybody's success. Every human being takes decision which is a collection of cognitive processes involving perception, interpretation, imagination, reasoning and language (Saaty and Shih, 2009) . Every rationale thinks to manipulate information which he/she received from surroundings to form concept, state reason, solve problem and make decision. Decision can be taken based on human intuition, past experience and on explicit and detailed reasoning. In general, decision making problem consists of following steps:
1. Define the problem: Purpose of this step is to identify root causes, constraints or limitation of the organization. 2. Determine requirements: Requirements are the constraints that describe the feasible solution space. 3. Establish goals: Goals are the objective that an organization is willing to achieve. 4. Identify alternatives: Alternatives are the means to achieve goal.
All alternatives must meet requirements. 5. Define criteria: Goals are represented in form criteria. Every goal must have at least one criterion. Criteria are used to measure suitability of alternatives to achieve goal. 6. Select a decision making tool: There are several tools for decision making problem. Selection of problem depends upon type of problem and objective of the decision maker.
7. Evaluate alternatives against criteria: Alternatives are assessed by objective judgment or subjective judgment or combination of two to measure its suitability with respect of a criterion to achieve desired goal. Finally, alternatives are ranked as per the preference of decision makers. 8. Validate solutions against problem statement: Selected alternatives should be judged with respect to requirements and goal of the problem.
In 1980, Saaty proposed analytic hierarchy process, a graphical representation of problem to understand and solve problem easily. The term "problem" refers the dissatisfaction perceived from some ongoing situation. People take action to get rid of such situation and they make decision to take action. Usually, solving complex problem needs cognition, pattern matching, associative memory and knowledge, judgment, comparisons, and imagination of human brain. Multi-criteria decision analysis (MCDA) is an essential approach to solve complex real life problem. The family of MCDA is broadly classified as multi-attribute decision making (MADM) and multi-objective decision making (MODM). MADM is applicable for finite set of alternatives and MODM is applicable for infinite number of alternatives. The MCDA methodology can be considered as a non-linear recursive process consists of four steps: (i) structuring the decision problem, (ii) articulating and modeling the preferences, (iii) aggregating the alternative evaluations (preferences) and (iv) making recommendations (Guitouni and Martel, 1998) . Opricovic and Tzeng (2004) define the main steps of MCDM as follows:
1. Establishing system evaluation criteria relating system capabilities to goals. 2. Develop alternatives systems for achieving goals. 3. Assessing alternatives in terms of criteria. 4. Employing a standard multi-criteria analysis tool or techniques. 5. Accepting one alternative as optimal choice from the outcome of multi-criteria analysis. 6. Aggregating new information and going into nest iteration of multi-criteria optimization if the final solution is not accepted.
Decision can be broadly classified as rational decision, irrational decision and non-rational decision. In a rational decision, alternatives are evaluated first and then choosing the one that maximizes the DM's satisfaction or his utility function. The decision based on the DM's experiences and knowledge is qualified as a non-rational decision. The irrational decision considers only the personal aspirations and aversions (Guitouni and Martel, 1998) . MCDA methods are used to prepare DMs preference model which based on performance aggregation oriented and performance aggregation based. MCDA is applicable for finite number of alternatives and it can be classified as follows:
1. The single synthesizing criterion approach without incomparability (TOPSIS,AHP etc) 2. The outranking synthesizing approach (ELECTRE, ORESTE etc) 3. The interactive local judgments with trial-and-error approach.
____________________ Table 1 .1 here ____________________ Majority of the review papers on MCDA tools gathers scholarly papers to categorize them into application areas, publication year, journal name, authors' nationality etc and give less importance to paper related to framework development of MCDA tools. On the other hand, thorough understanding MCDA framework is highly important to take good decision. Considering this need a state-of the-art literature survey on TOPSIS (Technique for Order Preference by Similarity to Ideal Solution) and analytic hierarchy process (AHP) is conducted in this paper and a repository has been established based on framework development of AHP and TOPSIS, which includes 61 papers published in various scholarly journals since 1980. Contributions of this paper are threefold: developing a clear understanding about decision, type of decision, AHP and TOPSIS, a structured review on framework development that provides a guide to earlier research on the AHP and TOPSIS method, and identifying research issues for future investigation.
The rest of the paper is organized as follows. Section 2 gives detail discussion about analytic hierarchy process, section 3 discusses about different type of scale -a must for effective use of MCDA tools, section 4 depicts about selection of prioritization methods, section 5 discusses about the rank reversal problem in AHP with solution, section 6 gives details about validation of AHP, section 7 gives a brief introduction to modified AHP, section 8 discusses about application of AHP, section 9 gives an introduction to TOPSIS, comparison of AHP and TOPSIS and different normalization methods for TOPSIS, section 10 discusses about fuzzy hierarchical TOPSIS, section 11 discusses about rank reversal problem in TOPSIS with solution, section 12 and 13 discusses about different methods and application of TOPSIS and section 14 concludes with critical remarks and future research work of AHP and TOPSIS. Wedley, 1989 as mentioned in Malcom Beynon, 2002) Following steps are used for analytic hierarchy process:
Step 1: Determine goal.
Step 2: Identifying the criteria and sub criteria for goal.
Step 3: All sub-criteria are broadly categorized as operational dimension and strategic dimension.
Step 4: Prepare pair-wise comparison matrix with saaty's nine point preference scale. Let A is a n x n pair-wise comparison matrix.
Here, diagonal elements are all equal to 1.
Step 5: Normalize the matrix with geometric mean as follows
Step 6: Perform consistency check. If C denotes n dimensional column vector describing the sum of
Step 7: To avoid inconsistency in judgment, saaty proposed the use of maximum eigen value λ max to calculate effectiveness of judgment. The maximum eigen value λ max can be determined as follows: Table 1 .2 here ____________________ Other forms of CI also exist but lack in capability to remove contradictory judgments. Geometric Consistency Index (GCI) calculates the sum of the difference between the ratio of calculated priorities (Crawford and Williams, 1985; Aguarón & Moreno-Jiménez, 2003) . Alonso and Lamata (2006) prepared random index with their regression model. Irrespective of several forms of CI, Saaty's CI is used most extensively because of its capability to measure inconsistency of judgment.
Type of Scale
There are two types of judgment-comparative judgment and absolute judgment. In comparative judgment, some relation between two observed entities is derived. In absolute judgment, observer rates the single entity by some previously experienced measurement scale. To compare several criteria, sub-criteria and alternatives, observer or decision maker has to deal with several scales. Hence, synthesizes of scales and validity of the process of comparison is essential to make comparison in most scientific way. A scale is a triplet, consists of a set of numbers, a set of objects and mapping of objects to the number (Saaty, 2004 (Dong et al., 2008) . On the other hand, Saaty (1994) mentioned that determination of parameter of Geometric Scale is difficult. Hence, selection of appropriate scale is essential for each problem. It is pertinent to mention that work of Ishizaka and Labib (2011) is limited to methodological development of AHP and didn't discuss about various modified methods of AHP to tackle rank reversal problem which is mentioned in sec.5 of this paper.
Prioritization Methods -EM or LLSM which one is better
Process of deriving priorities from pair wise comparison matrix is known as prioritization. There are several prioritization methods (Srdjevic, 2005; Choo and Wedley, 2004) and among all most common prioritization methods are
Eigen value method (EM) 2. Logarithmic Least Square Method (LLSM)
Selection of best prioritization method is an open research issue. In this regard, Dong et al. (2008) proposed two algorithms to measure the performance of four scale and prioritization methods. According to Saaty (1990) ten best reasons for using eigen value method are as follows: 
Problem of Rank Reversal in AHP -How to Tackle?
Rank reversal phenomenon can be defined as the change of the relative rankings of alternatives due to addition or deletion of an alternative. In 1982, Belton and Gear raised issues of rank reversal for analytic hierarchy process and mentioned a new normalization method to overcome shortcoming of Saaty's AHP. In reply, Saaty and Vargas (1984) proposed that rank reversal does occur in AHP due to addition of new alternatives and it is acceptable. In the same paper, they depicted with example that rank reversal does occur for the normalization method proposed by Belton and Gear (1984) and also mentioned the following observations due to addition of new alternatives:
1. Addition of new alternative cannot change rank order if the new alternative is strongly dominated by least preferred alternative for every criterion. 2. Similarly, addition of new alternative cannot change rank order if the new alternative dominates the most preferred alternative for every criterion. 3. If the new alternative falls between two specific alternatives for every criterion then its final rank will fall between these two alternatives, but rank may be reversed elsewhere. Wang and Elhag (2006) identified the following causes of rank reversal:
1. In MCDA, priorities are considered as utilities. Any change in utilities may change the final ranking of alternatives.
2. In MCDA, the weights of criteria are usually assumed to be independent of number of alternatives. If the weights or number of criteria are changed then there is no need to preserve rank. In such situation rank reversal is accepted. 3. To preserve rank of each alternative after addition of new alternative, original local priorities of every alternative under every criterion should remain unchanged. 
Validation of AHP
Any scientific truth relies on two important parameters -the guiding principle and the process of empirical verification. Validity of decision making process depends on choice of numerical scale and method of prioritization (Dong et al., 2008) . There are two kinds of decisions-one is what we prefer the most, known as normative decision making and other is how to make the best choice considering all the influences around us that can affect optimality of any choice we make (Whitaker,2007 Result obtained from proposed model may differ from the result obtained in real life because the proposed model is either incorrect or not in position to handle uncertainty properly. Classical AHP considers crisp values for pair wise comparison. Instead of AHP fuzzy AHP is commonly used to deal uncertainties. However, Saaty and many other researchers showed that use of fuzzy set with AHP brings more fuzziness to the problem and spoil final result. Hence, it is justified to discard the use of fuzzy AHP. On the other hand, Rosenbloom (1996) proposed probabilistic interpretation of final rankings in AHP. 2. Fails to identify external uncertainty associated with the outcome of the model. For instance, demand of a product is a function of price. Any uncertainty in price will change the demand of a product and thereby, discrepancies may develop between the obtained result and actual result. Some of the internal causes and external causes are uncontrollable in nature and they may change outcome of any proposed model. Therefore it is up to the decision makers how to tackle such uncontrollable causes in their proposed model with their years of experience and expertise.
Modified AHP
Literature review shows strong inclination to use AHP in different areas such as manufacturing, design, thermal, supply chain management, logistics etc. Recent trend shows use of hybrid AHP instead the use of classical AHP. For instance, AHP is integrated with Principal Component Analysis to conduct subjective and objective analysis of real life problem. In this regard, a partial list of modified AHP is shown in table1.4.
- Table 1 .4 here _______________ From early 70s, AHP has become one of the pervasive MCDA tool and got immense appreciation in different areas of research because of its computational simplicity, flexibility to be integrated with other techniques irrespective of its limitations. Mukherjee et al. (2013) mentioned in their paper that AHP is one of the most preferred methods for supplier selection. In this regard, three review works are identified since 1979 onwards, shown in table 1.5, to explore various applications of AHP.
------------------------
- Table 1 .5 here
----------------------

____________ 9 Technique for Order Preference by Similarity to Ideal Solution (TOPSIS)
TOPSIS is a multiple criteria method to identify solutions from a finite set of alternatives based upon simultaneous minimization of distance from an ideal point and maximization of distance from a nadir point (Olson, 2004) . It is one of the classical MCDM approach, based on aggregating function to find a solution which is nearest to positive ideal solution and farthest from negative ideal solution, however it does not consider relative importance of these distances (Opricovic and Tzeng, 2004) . In 1981, Hwang and Yoon developed a new technique; popularly known as TOPSIS, based on improved version of Zeleny (1974) . The process of TOPSIS includes following six successive steps (Hwang and Yoon, 1981 Like other MCDA tools, attributes as well as alternatives should be fixed before the onset of TOPSIS. Hence, different group decision making methods (GDMs) such as brain storming, nominal group technique (NGT), Delphi technique etc can be used to carefully acquire prerequisite of MCDA tools to ensure quality of decision (Shih et al., 2001) . A relative advantage of TOPSIS is the ability to identify the best alternative quickly (Parkan and Wu, 1997) . Like other MCDA tools, method of normalization for TOPSIS can be simplified as linear transformation (Saghafian and Hejazi, 2005; Chen, 2000) . Considering the simplicity of TOPSIS, many researchers proposed different methods to use TOPSIS in fuzzy environment. Broadly, in two different ways classical TOPSIS can be used for fuzzy environment -
Defuzzification of ratings and weights into crisp value. 2. Generalized TOPSIS in fuzzy environment.
Usually, second method is better than first as it preserves the loss of information during defuzzification. Wang and Lee (2007) proposed a generalized TOPSIS in fuzzy environment with two parameters, Up and Lo. If decision makers cannot reach an agreement or consensus on by using linguistic variables based fuzzy sets, then interval-valued fuzzy set theory can provide a more accurate modelling. In this regard, extension of fuzzy TOPSIS method is proposed by Ashtiani et al. (2009) based on interval-valued fuzzy sets. Chu and Lin (2009) proposed novel algorithm of TOPSIS to represent membership function of each fuzzy weighted rating by interval arithmetic of fuzzy numbers. Wang and Lee (2009) proposed new method for TOPSIS to consider both subjective and objective weight to evaluate alternative with respect to attributes. Their proposed weighting mechanism can avoid the subjectivity from the DM's personal bias and confirm the objectivity. Nezhad and Damghani (2009) presented TOPSIS approach based on preference ratio to rank alternatives based on closeness co-efficient. Chen and Tsao (2008) presented a comparative analysis of interval-valued fuzzy TOPSIS rankings from and discussed in detail on consistency rates, contradiction rates, and average Spearman correlation co-efficient. They recommended that consistency rate between two distance measures gradually reduces as the number of alternatives increases in the problem. Shih et al. (2007) proposed an extension of TOPSIS with internal aggregation. Taleizadeh et al. (2009) proposed integrated method of Pareto, TOPSIS and GA to solve random fuzzy replenishment of inventory. In their work, they recommended to use other meta-heuristic algorithm with TOPSIS such as Particle Swarm Optimization (PSO), Simulated Annealing (SA), Ant-Colony Optimization Tabu-Search etc to solve integer non-linear optimization problem. Tsou (2008) integrated multi-objective particle swarm optimization (MOPSO) with TOPSIS to solve inventory issues. Lin et al. (2008) presented a frame work to integrate AHP and TOPSIS to identify customer requirements and design characteristics to develop better product for customer. Table 1 .6 here _______________ ------------------ Table 1 .
----------------------
7 here ------------------- ------------------- Table 1.8 here -------------------
Fuzzy Hierarchical TOPSIS
Proposed method of Chen (2000) has following weaknesses:
1. The need to assign an initial weight to each criterion. 2. When fuzzy numbers ˜ 1, ˜0 are directly assumed to be the fuzzy PIS and NIS, respectively, and when the weighted and graded values are extremely small, then the distance between criterion and the fuzzy PIS and NIS is increased. The result will lie outside the range [0, 1]. 3. The result sometimes does not conform to the basic conception that the best solution should be that nearest PIS and farthest from NIS.
To overcome such limitations, Wang et al. (2008) proposed fuzzy hierarchical TOPSIS which has four main components: 1. FAHP uses a hierarchical structure to calculate the fuzzy weight of each criterion. 2. TOPSIS uses the criterion characteristics to establish a normalized fuzzy performance matrix and then multiplies all the criterion weights to form a normalized weight performance matrix. 3. Obtain FPIS and FNIS, and apply the metric distance method to calculate the dispersion between the alternative value under each criterion, and under FPIS and FNIS. 4. Finally, apply Euclidean distance to aggregative the dispersions to judge and get a best ranking.
The algorithm of fuzzy hierarchical TOPSIS is as follows:
Step 1: Confirm the evaluation criteria and alternatives of the decisionmaking problem, and establish a hierarchical structure.
Step 2: Use pair-wise comparison to get the degree of importance of all criteria, and evaluate all of the alternatives under each criterion, then ask experts to assign the alternatives an appropriate fuzzy number based on the linguistic variable to form a fuzzy judgment matrix.
Step 3: Use the Lambda-Max method to calculate the fuzzy weight (FAHP) of each criterion given by the experts.
Step 4: Check the consistency index (C.I.)
Step 5: Through the geometry average method, integrate all the expert opinions to obtain fuzzy weight for every aggregative criterion.
Step 6: Establish a normalized fuzzy performance matrix.
Step 7: Get the weighted normalized fuzzy performance matrix.
Step 8: Determine FPIS and FNIS.
Step 9: Calculate the distance between each point and FPIS and FNIS by the metric distance method.
Step 10: Apply the Euclidean distance method to aggregate all of the criteria for each alternative.
Step 11: Select the best alternative.
Rank reversal problem in TOPSIS
Rank reversal is a phenomenon when previous rank of alternatives is altered due to addition/deletion of any alternative. If two alternatives have same preference under all criteria then their corresponding rank depends on evaluation approach of TOPSIS. Cascales and Lamata (2012) mentioned two main causes of rank reversal problem in TOPSIS are as follows:
1. Norm used in TOPSIS approach.
Selection of positive ideal solution and negative ideal solution.
In classical TOPSIS, vector normalization is used. It can be represented as
Chakraborty and Yeh (2009) mentioned that vector normalization is most appropriate to maintain consistency in ranking and is able to handle weight sensitivity quite well. However, Cascales and Lamata (2012) proposed that = 
TOPSIS and Other Methods
"The recent trend of TOPSIS papers has shifted towards applying the combined TOPSIS rather than the stand-alone TOPSIS. These combinations have made the classical TOPSIS method more representative and workable when handling practical and theoretical problems." (Behzadian et al., 2012) TOPSIS is one of the most popular MCDA tool for its computational simplicity and other advantages of TOPSIS are mentioned as follows (Govindan et al., 2012 ):
1. An unlimited range of criteria and performance attributes can be included. 2. It allows explicit trade-offs and interactions among attributes.
More precisely, changes in one attribute can be compensated for in a direct or opposite manner by other attributes. 3. Preferential ranking of alternatives with a numerical value that provides a better understanding of differences and similarities between alternatives, whereas other MADM techniques (such as the ELECTRE) methods only determine the rank of each alternative. 4. Pair wise comparisons, required by methods such as the AHP, are avoided. This method is especially useful when dealing with a large number of alternatives and criteria. 5. It is a relatively simple computation process with a systematic procedure. 6. According to the simulation comparison from Zanakis et al. (1998) , TOPSIS has the fewest rank reversals when an alternative is added or removed among the MADM methods. Behzadian et al. (2012) Behzadian et al. (2012) fig. 1 is prepared. Selection of appropriate scale, synthesizes of scales, validity of the process of comparison and selection of best prioritization is essential to make comparison in most scientific way. Finally, this paper shows that verification, validation and sensitivity analysis (VVS) is an essential characteristic of any good decision making process.
Some theoretical disputes do exist for AHP and TOPSIS. Rank reversal problem is one of them.But it can be resolved with simple modification of algorithm as per the requirement of the problem. However, thorough understanding of causes of rank reversal problem and method of preserving rank is a priori for decision making process. Computational complexity could be another problem as it degrades efficiency of algorithm by increasing computational time for large problem.
Real life problem encompasses verious uncertainties. Commonly fuzzy set theory (FST) is used with classical MCDA tools to deal with imprecision or vagueness of decision making process. In this regard, author strongly suggest to avoid direct defuzzification of fuzzy members during pair wise comparison to avoid loss of data. Recent trend of research shows that researchers are keen to integrate to different MCDA tools to get advantages of both. Still more researck work is required in the following areas:
1. Development of appropriate hybrid method of AHP/TOPSIS to deal with large no of criteria and alternatives for complex real world problem. 2. In TOPSIS, best solution is identified by measuring its distance from positive ideal solution and negative ideal solution. Hence, more research work is required to explore the significance of such distance measure. 3. Selection of appropriate scale and prioritization method to study validation of decision making process. Fig1. Distribution of research papers on combined TOPSIS since 2000 onward.
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